We prepared Cu/Al and Al/SiO 2 /Si samples by sputtering Cu on Al metals and Al on SiO 2 /Si, respectively. We investigated the interfaces between Cu film and Al metal, or between Al film and SiO 2 /Si by XPS (X-ray photoelectron spectroscopy). From the results, we found that Cu metals were oxidized in the Cu/Al samples and changed to Cu + and Cu
Introduction
Many kinds of materials have been used in the field of electrical and electronic engineering so far. Recently, electronic devices, for example, resistive random access memory (Re-RAM) have been fabricated with metal oxides [1] [2] [3] , ion liquid [4] and so on. In general, it is necessary to control and to investigate the surface and the interface among metals, semiconductors and insulators, since their properties affect the performance of electronic devices. On the other hand, Al metals are thought to be a potential material for the applications of high thermal and electrical conductivity. Therefore, the studies on the interfaces between Cu and Al in Cu/Al samples [5] or between Al and SiO 2 [6] have been carried out. In addition, the general rule for predicting surface segregation of metal on film was investigated [7] . However, there was few reports on the interfaces between Al and Cu metals, Al and insulators, or Al and semiconductors with X-ray photoelectron spectroscopy (XPS).
In this paper, we investigated the interfaces between Al and Cu metals or oxides by XPS and clarified the composition and the chemical bond nature of constituent elements in Cu/Al and Al/SiO 2 /Si samples.
Experimental

Preparation of samples
Cu/Al samples were prepared by sputtering Cu metal at room temperature for 10min on the substrates of Al metals, which are called A1050 (purity : 99%) and was prepared by a method of cold rolling. The electron probe micro-analysis (EPMA) measurements of the Al substrates were carried out. Although the figures were not shown, the EPMA results indicated that there were Al (99.2652%), Fe(0.3772%), Si(0.3073%), Cu(0.0243%), Ga(0.0147%), Mg(0.0113%) in the Al substrates. In addition, the Al substrates were cleaned in acetone and the scanning electron microscope (SEM) images were observed in order to surface morphology.
SiO 2 /(100)-oriented Si samples were prepared by the thermal oxidization of Si substrates, which was carried out by heating at 950°C in the atmosphere of oxygen and hydrogen gases. We bought 6-inch SiO 2 /Si samples (Advantec 6"Th-Ox Wafer) from ADVANTEC Co. The thickness of SiO 2 was about 1000 Å Then, the samples of Al/SiO 2 /Si were fabricated by sputtering Al metal at room temperature for 5min after cleaning the SiO 2 /Si samples in acetone.
Measurements
The surface and the interface between Al and SiO 2 were measured by XPS, which is able to know the compositions and the chemical bond natures of constituent elements at the surface/interface of Cu/Al and Al/SiO 2 /Si samples. In addition, the measurements of X-ray diffraction patterns, EPMA and SEM were also carried out in order to clarify the crystal structure, the composition and the surface morphology of the samples, respectively.
The source of X-ray was Al Kα (1486.6eV) [λ 15Å], and the path energy was 80 or 160eV. The area of analysis was 300μm ×700μm. The waveform separation of XPS spectra was carried out by using the computer of COMPRO11. The surfaces of the samples were etched by Ar + with mono 20keV for 10min. In general, Ar + etching are carried out for cleaning the surface and removing impurities on the surface of the samples. As a result, we can know whether the detected metal elements are impurities or not. Namely, the impurities which are adsorbed in air, are easily removed by Ar + etching. In fact, the depth etched by Ar + is dependent on the etching conditions, which are etching time, Ar + acceleration energy, the crystal structure of the sample and so on. In this paper, we estimated the thickness etched by Ar + from the sensitivity of depth by XPS, which is within 100 Å. Fig. 1a shows a SEM image of an Al substrate. As shown in the figure, the surface of the Al substrate was flat except the scratches. However, the roughness of the substrates seems to be about 0.1μm, although we cannot discuss it in details. At the same time, there were many inclusions in the surface of the substrate, which is thought to be impurities as shown in the EPMA results. Then, we deposited Cu metals on the surface of the substrate at room temperature by a DC sputtering method. Fig. 1b shows a SEM image of an Al/SiO 2 /Si sample. As shown in the figure, the surface of the sample was very flat and homogeneous. Namely, the Al film sputtered on the Si 2 O/Si substrate had very flat and homogeneous surface. The results indicate that the flatness of the Al films reflects that of the SiO 2 /Si substrates, whereas the homogeneity of the Al films reflects high purity. Then, XPS measurements of the Al/SiO 2 /Si sample were carried out.
Results and discussion
Cu/Al surface characterization
XPS spectra of Cu-2p core levels from the surface of a Cu/Al sample were measured. Fig. 2 shows the result of waveform separation in XPS spectrum of Cu-2p core levels. As shown in the figure, the XPS spectrum consisted of main peak around 934eV and the satellite peak around 942eV. In addition, the main peak was separated into two components with low and high binding energy, which were assigned to Cu + a b Fig. 3 shows the result of waveform separation in XPS spectrum of O-1s core levels. As shown in the figure, the O-1s XPS spectrum was separated into the 3 peaks from the side of high binding energy, which were assigned to impurity oxygen, CuO and Al 2 O 3 , respectively. From the results, we found that the oxide due to the Al metals was less than that due to the Cu metals. This may indicate that it is difficult to oxidize the Al metals, which was prepared by the method of cold rolling. Fig. 4a shows the XPS full spectra of Al/SiO 2 /Si samples before and after Ar + etching. As shown in the figure, the XPS peaks due to Na, Si, C, O and Na were observed from low to high binding energy sides. From the results, we found that there were the impurities of Na and C on the surface of the samples. The XPS peaks due to Si and SiO 2 were observed. This may indicate that the thickness of Al on the SiO 2 /Si substrates is less than 100Å in consideration of depth resolution in our XPS instrument. Fig. 4b shows the XPS spectra of Na-1s core levels from the surface of an Al/SiO 2 /Si sample before and after Ar + etching. As shown in the figure of "before", the XPS peak of Na-1s core levels was observed at the surface of the sample. This indicated that there was Na on the surface of the sample. As shown in the figure of "after", the XPS intensity of Na from the surface of the sample decreased by Ar + etching. This indicates that Na on the surface of the sample is an impurity. Therefore, Na may be adsorbed on the Al film by the exposure in air after the deposition of the Al film. a b Fig. 5a shows the XPS spectra of C-1s core levels in an Al/SiO 2 /Si sample before and after Ar + etching. As shown in the figure of "before", the XPS peak due to C-1s was observed on the surface of the sample. This indicated that there was carbon on the surface of the sample. As shown in the figure of "after", the XPS intensity of carbon in the surface decreased by Ar + etching. This decrease indicates that carbon on the surface of the sample is an impurity, namely carbonate and so on. Fig. 5b shows the XPS spectra of O-1s core levels from the surface of an Al/SiO 2 /Si sample before and after Ar + etching. As shown in the figure, the intensity of the peak and the shape of the spectrum from surface before Ar + etching were approximately equal to those from the surface after Ar + etching.
Al/SiO 2 surface characterization
Figs. 6a and b show the XPS spectra of O-1s core levels before and after Ar + etching, respectively. Here, the spectra were separated into the peaks at the different binding energy. As shown in the figure, there were 3 peaks due to oxygen on the surface of the sample, the peaks around 535eV, 534eV and 532eV which are assigned to carbonate or hydrate, Al 2 O 3 and SiO 2 from high energy sides, respectively. The XPS peak intensity around 534eV decreased from 64% to 18% by Ar + etching, whereas the XPS peak intensity around 532eV increased from 25% to 80%. In addition, the XPS peak intensity around 535eV decreased from 11 to 2% by Ar + etching. From the results, we found that the intensity of O-1s from oxides such as Al 2 O 3 , carbonates and so on, were removed by Ar + etching, and that SiO 2 on the substrates of SiO 2 /Si appeared. Fig. 7 shows XPS spectra of Al-2p core levels from the surfaces of an Al/SiO 2 /Si sample before and after Ar + etching. As shown in the figure, the intensity of XPS peak around 62eV, which is assigned to Na-2s core levels, decreased by Ar + etching. This indicated that Na on the surface of Al/SiO 2 /Si sample was an impurity. At the same time, the intensity of the XPS peak due to Al-2p decreased. This indicates that the thickness of the Al films is thin. We can estimate the thickness of the Al film in the Al/SiO 2 /Si sample from the XPS sensitivity for depth. In general, it is possible to observe elements in the depth of 20 to 100Å from the most top layer in XPS measurements.
Therefore, the thickness of the Al films is thought to be about 100 Å, since Si was observed in Fig. 4 .
Figs. 8a and b show the results of waveform separation in XPS spectra of Al-2p core levels from the surfaces of an Al/SiO 2 /Si sample before and after Ar + etching, respectively. As shown in the figure, the XPS intensity of carbonate and hydrate decreased from 8 to 3%. This indicates that the impurities on the surface are removed by Ar + etching. The XPS intensity of Al-2p increased from 92 to 97%. 
a b
Figs. 9a and b shows results of waveform separation in XPS spectra of Si-2p core levels from the surfaces of an Al/SiO 2 /Si sample before and after Ar + etching, respectively. As shown in the figure, the XPS intensity of SiO 2 increased from 15 to 21% by Ar + etching, whereas the XPS intensity of Si decreased from 85 to 79%. Therefore, Si and SiO 2 are thought to have origin from the substrates of SiO 2 /Si. Although we cannot discuss the results in details, the XPS results may be related to the deposition of inhomogeneous and thin Al films on the substrates of SiO 2 /Si. At the same time, there may be oxygen-reduced Al 2 O 3-x layer on the interface between Al and SiO 2 .
Conclusions
We prepared Cu/Al and Al/SiO 2 /Si samples by sputtering Cu and Al on the substrates of Al metals and SiO 2 /Si, respectively. We investigated the interfaces between Cu film and Al metal, or between Al and SiO 2 by XPS. From the results, we found that Cu metals were oxidized in the Cu/Al samples and changed to Cu + and Cu
2+
. In addition, the thickness of Cu metal in Cu/Al and Al metal in Al/SiO 2 /Si are thought to be less than 100 Å. At the same time, the Cu film deposited by a sputtering method may be oxidized more than the Al metal, which is prepared by the method of cold rolling. The XPS results of Al/SiO 2 /Si samples indicate that there may be oxygen-reduced Al 2 O 3-x layer on the interface between Al and SiO 2, and that there are inhomogeneous SiO 2 in the Ar + etched surface of the Al/SiO 2 /Si sample. In addition, from the SEM results, we found that the Al thin films were flat and homogenous, and that the surface morphology was drastically different from that of the Al substrates prepared by the method of cold rolling.
Al metal is a potential material, which has high electrical and thermal conductivity. Furthermore, we will investigate the surface and interface between Al and other metals or oxides and design new electronic devices. 
